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The National Aeronautics and Space 

Administration’s (NASA’s) Moderate Resolu-

tion Imaging Spectroradiometer (MODIS) 

land product validation project, initiated prior 

to the launch of the NASA Earth Observing 

System (EOS) Terra platform in late 1999, 

provides data, instrument, and information 

resources for the validation of products that 

quantify land surface characteristics from 

MODIS and other satellite sensors. Land prod-

ucts derived from MODIS and other moder-

ate-resolution sensors include, among oth-

ers, land cover, snow cover extent, surface 

temperature, leaf area index, fi re occurrence, 

and vegetation productivity. 

The land validation project infrastruc-

ture, developed at NASA’s Goddard Space 

Flight Center (GSFC), involves an integration 

of NASA-funded researchers, international 

collaborators, and science data networks. 

These resources facilitate determination of 

product uncertainty, which is the defi nition 

of validation, through best practice methods. 

Key to the project is the set of EOS Land 

Validation Core Sites, a global network of 33 

sites (including six added in 2006), which 

serve as a focus for validation activities. 

The initial infrastructure and activities were 

described in Morisette et al. [1999], Justice et 

al. [2000] and Morisette et al. [2002]. 

The present article provides an update on 

two components of the project: delivering 

validation status information on MODIS land 

products and providing Core Site data and 

information (Figure 1). 

MODIS Land Team Validation Information 

and Core Site Infrastructure

The primary objective of the MODIS Land 

Team validation activities is to provide quan-

titative assessment of land product accuracy. 

On the Land Validation Web site (http://

landval.gsfc.nasa.gov), summarized prod-

uct accuracy information is given in a vali-

dation status page for each product. Each 

product status page provides a brief valida-

tion statement and a list of reference mate-

rial, each element of which is linked to its 

own subsequent page with a full reference, 

an abstract, and sample results (usually fi g-

ures or tables). Much of the supporting mate-

rial for the product accuracy statements has 

been generated from data and fi eldwork 

conducted at Core Sites. 

Though designed to support MODIS land 

product validation, the Core Site data and 

infrastructure provide a valuable resource 

that has been useful to researchers through-

Evidence for recent volcanic eruptions 

along the fast spreading East Pacifi c Rise 

(EPR) crest near 9°50’N spanning about four 

to fi ve months of activity was discovered in 

April–May 2006 as a result of studies related 

to the U.S. National Science Foundation’s 

(NSF) Ridge2000 (R2K) program. In April, 

during routine recovery and redeployment 

of ocean-bottom seismometers (OBSs) at 

the EPR R2K Integrated Study Site (ISS) near 

9°50’N, eight of 12 OBSs could not be recov-

ered [Tolstoy et al., 2006]. Anomalous turbid-

ity and temperature structure in the water 

column along the ridge axis confi rmed 

scientists’ suspicions that the OBSs were 

trapped by a new lava fl ow. 

A resurgence in magmatism recently 

had been postulated, based on temporal 

changes observed over the past few years 

in hydrothermal vent fl uid chemistry and 

temperatures [Von Damm et al., 2004] and 

increasing microseismicity [Tolstoy et al., 

2006]. Within a week of the initial bottom-

water surveys in late April, a rapid-event-

response expedition on board the research 

vessel (R/V) New Horizon was mobilized. 

Conductivity-temperature-depth (CTD) and 

optical tow-yo (tows during which a pack-

age is alternately lowered and raised)   sur-

veys, hydrocasts, and towed digital imaging 

surveys at the EPR axis between ~9°46’N and 

9°57’N unequivocally confi rmed the occur-

rence of recent extensive seafl oor eruptions 

along >15 kilometers of the ridge axis and 

up to approximately one kilometers off axis, 

and they documented widespread vigorous 

hydrothermal venting and a notable absence 

of vent megafauna (Figure 1; http://www.

ridge2000.org/science/tcs/epr06activity.

html). Many of the hydrothermal vents stud-

ied over the past 15 years were disrupted. 

This is the fi rst repeat eruption documented 

at the same location along the mid-ocean 

ridge (MOR) crest; a prior eruption occurred 

in 1991–1992 [e.g., Haymon et al., 1993].

Response Survey Strategy and Methods

The primary objective of the rapid-response 

cruise was to determine whether or not a 

volcanic eruption recently had taken place, 

and if so, to assess its extent and its hydro-

thermal and biological impact. Ship-board 

equipment included a CTD with optical and 

electrochemical sensors and NiskinTM water 

sampling bottles [e.g., Baker et al., 1994] 

and a digital deep-sea camera with rock and 

water sampling capabilities (Woods Hole 

Oceanographic Institution TowCam [Fornari 

et al., 2003]). These instruments were eas-

ily-mobilized and effi cient tools to exam-

ine eruption effects on the water column, 

hydrothermal venting, and existing biologi-

cal communities along the EPR axial summit 

trough (AST). 

Volcanic Eruptions at East 
Pacific Rise Near 9°50’N
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Fig. 1. (left) Location map of TowCam surveys over the new eruptions. Red circles indicate 
positions of old high-temperature hydrothermal vents. (top right) Near-bottom seafloor profile 
compiled from depth and altitude data from TowCam 1 is shown with geological and biologi-
cal observations keyed to colored symbols. Potential temperature from TowCam is shown in red 
below the profile. TowCam photographs, keyed to their location along the track, include (middle 
right) new pillow to lobate lava flow overlying older sediment covered pillows and (bottom 
right) diffuse hydrothermal venting through recently erupted lava covered with potential micro-
bial material. 

Fig. 2. Contour plots of light attenuation (Δc; per meter) versus (a) depth and longitude for a cross-axis 
(CTD Tow 5) tow-yo and (b) depth and latitude for an along-axis tow-yo (ridge summit). Density 
(sigma-theta; kilograms per cubic meter) contours (solid white curves) are superimposed over Δc; 
the deepest-density line indicates localized areas of instability in the lower part of the water column. 
The dotted grey curve indicates the sawtoothed tow pattern of the instrument package (SeaBird 
SBE-911 CTD configured with SeaTech 347 light backscatter sensor; WetLabs CST-493DR transmis-
someter; LISST-Deep laser in situ scattering and transmission sensor (particle size distributions); 
ISEA electrochemical analyzer; and a rosette of 21 ten-liter SIO-built, Niskin-style sampling bottles).

Eruptions  cont. on page 83

Land Validation  cont. on page 82
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out EOS and other satellite and science pro-

grams. By design, many of the Core Sites 

are part of larger fi eld networks (see Data 

Network section of Table below). While the 

Land Validation Web pages are managed at 

GSFC, the data offered via these pages are 

part of a distributed system supported by 

multiple data centers (see legend for Figure 

2) that provide free public access to a wealth 

of Core Sites data and information. From the 

Land Validation home page, one can easily 

navigate to any one of the Core Sites pages. 

Within a Core Site page, basic site infor-

mation is followed by categorized data sets 

available for download (see Figure 1); most 

of the available data sets are listed in Figure 2. 

Within the Satellite Data category are 

links to up to 15 satellite data sets. Cur-

rently, there are 135 Enhanced The-

matic Mapper Plus (ETM+) scenes, 106 

Advanced Spaceborne Thermal Emission 

and Reflection Radiometer (ASTER) acqui-

sitions, and 67 IKONOS scenes for the 33 

sites. Further, MODIS product subsets (200 

kilometer × 200 kilometer) over Core Sites 

have been posted online since 2000. Multi-

Angle Imaging Spectroradiometer (MISR) 

data subsets are also available from 2000 

forward; Advanced Very High Resolution 

Radiometer (AVHRR) Normalized Differ-

ence Vegetation Index (NDVI) composite 

subsets from 1981 forward, and Systeme 

Probatoire pour l’Observation de la Terre 

(SPOT) NDVI composite subsets from 1988 

forward.

The Field, Tower, and Airborne Data cat-

egory includes links to Aerosol Robotic 

Network (AERONET) data, Flux Network 

(FLUXNET) tower data, airborne data 

sets, digital photography, and other field 

data sets. The Ancillary Layers and Back-

ground Information category includes geo-

graphic information on most Core Sites as 

developed by the University of Maryland 

(UMD). This section also includes a land 

cover geostatistical analysis, and links to 

related Web pages. 

Since the initiation of Core Site data dis-

tribution via the MODIS Land Validation 

web pages, users have downloaded more 

than 500 gigabytes of data. The physical 

location of the data is distributed to the 

most effi cient and practical storage loca-

tion. Although most of the satellite data are 

hosted at the Land Processes (LP)- Distrib-

uted Active Archive Center (DAAC), there 

are also data hosted at GSFC, the Oak Ridge 

National Lab (ORNL) and Langley DAACs, 

and some smaller data sets and digital pho-

tography hosted at investigator sites. 

Additions to Core Site Data Holdings

Signifi cant additions to Core Site resources, 

since publication of Morisette et al. [2002], 

include the following:

* NASA GSFC, in conjunction with the 

University of Maryland, has utilized aerosol 

optical property data (available through 

AERONET [Holben et al., 1998]) and the 

Second Simulation of the Satellite Signal in 

the Solar Spectrum (6S) modeling software 

[Vermote et al., 1997] to atmospherically 

correct 60 kilometer × 60 kilometer subsets 

extracted from 44 Landsat ETM+ scenes over 

14 Core Sites [Morisette et al., 2004].

* The GSFC Global Inventory Modeling 

and Mapping Studies (GIMMS) group has 

provided Core Sites subsets of its AVHRR 

NDVIg data, an 8-kilometer, bimonthly maxi-

mum-NDVI composite time series since 1981 

[Tucker et al., 2005]. 

* The GIMMS group also has provided 

subsets of the 1-kilometer-resolution NDVI 

data from the SPOT VEGETATION instru-

ment. These NDVI composites were created 

by selecting pixels of maximum NDVI from 

successive 10-day periods starting in mid-

1998. There are plans to extend both sets of 

GIMMS NDVI subsets annually.

* Subsets of the National Elevation Data-

set (NED), and digital terrain elevation data 

(DTED)-2, derived from the Shuttle Radar 

Topographic Mission (SRTM), have been 

extracted for the Core Sites and are avail-

able in two projections. The DTED were 

processed by NASA’s Jet Propulsion Labo-

ratory and the National Geospatial-Intelli-

gence Laboratory and are available for all 

Core Sites. The NED is produced by the U.S. 

Geological Survey and is available for Core 

Sites within the United States only.

A new interactive Satellite View link fol-

lows the site name at the top of each Core 

Site page, and links to ETM+ and SRTM 

mosaics are available in the top right cor-

ner. FLUXNET links now appears within 

the Field, Tower, and Airborne Data cate-

gory for the Core Sites within this network.  

FLUXNET coordinates regional and global 

analysis of observations from micrometeo-

rological tower sites.  Links to MODIS Land 

product subsets (7 kilometer × 7 kilome-

ter) in ASCII format from the ORNL-DAAC 

are listed under the Satellite Data category, 

where new links to MISR subsets, provided 

by the Langley DAAC, are also included.

Future Directions 

The MODIS Land Validation Web pages 

provide access to accuracy statements and 

supporting material for the MODIS land prod-

ucts and easy access to multiple satellite, air-

borne, and ground data sets. Most data are 

freely available online. The effi ciency of reus-

ing reference data for the various studies was 

facilitated by our coordination efforts and the 

established Core Site infrastructure. These 

data have many uses in remote sensing, ecol-

ogy, land use and land cover change, and cli-

mate change studies.  

Maintaining this validation resource will 

allow future missions, such as the National 

Polar-Orbiting Operational Environmental 

Satellite System, to capitalize on NASA’s EOS 

pathfi nding. To that end, we are investigating 

opportunities to further coordinate EOS Core 

Sites with long-term observing networks such 

as the National Oceanic and Atmospheric 

Administration’s Climate Reference Network 

(CRN), which will provide sub-hourly fi eld 

data for a nominal 50-100 year period. It is 

also envisioned that the EOS Core Sites will 

become the backbone of an international 

network of core sites sponsored by the Com-

mittee for Earth Observing Satellites.
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Fig. 1. Diagram of Web access to (top) main validation page, (left) sample Core Sites data access 
page, and (right) a sample MODIS product validation status page.

Fig. 2. Summary of Core Site data availability.  Colored areas indicate where data are available. Numbers within boxes indicate the number of 
acquisitions for given site.  
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